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ECONOMIC LIMITATIONS
OF THE
ELECTRICAL TRANSMISSION OF ENERGY
INTRODUCTION
The process of producing Energy in the form of
Electricity and of distributing this energy for any of the general
purposes to which it may be adapted, has passed, so far as prac-
tical relation is concerned, from the position of a localized in-
dustry formed and operating in order to return a commensurate
profit, to that of an Institution for the Public Service.
This has become so much of a truth that, in the minds
of millions of people thruout the world, the failure of the supply
of such energy, no matter if it be due to any one of a large number
of unpreventable causes, falls almost in the same classification
with the possible failure of their regulations for the protection
of life or property. A careful survey thruout this country alone
readily shows that such a failure is no longer comparable with the

failure of the local coal supply or with a failure in the economical
distribution of food; but has passed beyond and into a more highly
developed relation to the population at large; so that when energy
is produced for the general use and is carried to all parts of a
territory by transmission and distributing lines and is, thruout
such a territory, utilized by a large percentage of the population
for lighting, cooking, heating, cooling, and for hundreds of other
purposes, that process of producing, distributing, and securing the
monetary return for the service of this energy, may no longer be
carried on readily and easily, with an assurance that the net return
financially may be equal to the apparent and normal risks of the
business; but may only be carried on at the will and under the
strict regulation of the Public to which the service is rendered,
and such a process then becomes literally, a Public Service Insti-
tution.
Among the various regulations to which the Public subjects
such an Institution, is that limiting the rate which may be
legitimately charged for the service furnished by such a process as
above outlined, to an amount which can return as a net earning to
the Institution only a certain limited percentage of the appraised
value of the property used in the process; and the Public reserves
the right to make its own appraisal, thru the use of engineers em-
ployed by it for that purpose. By virtue of this regulation, two
important and salient propositions are at once set up in the minds
of the Directors of the Public Utility Company or "Institution".
One is, if this percentage which may be earned, approaches that
normally obtainable from investment in first class farm mortgages
or other real estate securities, or from the securities of firmly

established and well managed Railroads, then the devices which are
used to extend and amplify the business of the Company, must be
carefully and conservatively considered in order that, upon all the
investments of new capital in these devices, this percentage surely
may be earned without a sacrifice of the continuous service upon
which the activity of the Company is based. While recourse may
always be taken to the Public thru its regulating officials and,
probably in time, a rate established in a territory where a failure
to earn the permitted percentage has been made, which will in due
course return such an amount upon the investment, the business may
be wrecked financially, or very badly affected, before such a remedy
can become operative. Realizing this, it becomes advisable for the
Directors to establish a policy of extremely careful analysis and
conservative action upon any new proposition which may require new
capital expenditures, the reason for which is based upon an es-
timated increase in the net earnings, of an amount at least suffic-
ient to return the limited percentage fixed by the Public, upon the
new investment.
The other proposition, which is set up in the minds of
the Directors of such an Operating Company because of this re-
gulation by the Public, is that, since the Public thru its engineers
will determine the value of the apparatus and property, which rep-
resents physically the results of any expenditure of new capital
for the extension of the business of the Company or the general
betterment from an economic and a service viewpoint of its exist-
ing property, and since in all probability, it will be upon this
value so determined, and not upon the value of the capital actually
expended for these purposes, that the limiting percentage

established by the Public will apply in any determination of the
permissible net earning, it is then necessary that any such expend-
itures made for such purposes shall result entirely in tangible
property upon an inventory of which may be based an appraisal which
when made with practically impregnable unit costs, shall fully
equal the expenditures as originally made. In short that the great
est care must be taken, that any such expenditures be made with an
absolute maximum of business efficiency.
It is recognized that the Public might establish such
limiting percentages that the economic danger from the pressure of
risks in new developments made by such a Public Service Institution
could be ignored to a very great extent, and also that such has
been the case in certain instances; but these percentages have
usually been afterward charged to more drastic figures, and in many
cases the tendency has been in the opposite direction and in direct
conformity with the apparent and mistaken fundamental idea of
Public Service, which is to obtain at the lowest possible cost, the
greatest possible service now, regardless of the effect upon the
future financial characteristics of the Institution from which that
service is obtained.
De spite these disturbing considerations, and the general
idea in regard to the Public Utility C mpany, the Directors of
such processes may not disregard the great possibilities of the
extension of their lines and services, to and into new and only
partially developed territories which as yet, have not had the
advantages of an economic source of electrical energy close at hand
The development which has within the past ten years, been so re-
markable, that of the construction of transmission lines to dis-
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tribute electrical energy from a central station to the territory
about it, until there are thousands of miles of high tension mains
thruout the United States, has been a normal development. As the
applications of electrical energy became more and more varied, more
and more possibilities of broadening use became apparent, until
transmission and distribution lines have been constructed through
all the more densely populated portions of the country. The oper-
ating company having a large generating station (and some companies
with small ones), and in its vicinity a number of cities and towns
or community s of as few as one hundred people, seeing a possibility
of development and of reasonably adequate return upon the nec-
essary investments, has constructed transmission mains and dis-
tributing systems, at times of questionable capacity and design,
to present to the people of these cities and towns the opportunity
to avail themselves of the various advantages of electric service

6in return lor a reasonable charge. In general, the people have
responded encouragingly, especially in those communities in which
specialized industry forms a basis of existence, until the projects
have mostly been successful ones. This has increased the tendency
to proceed with a new territory and in this manner, the transmiss-
ion development has proceeded naturally and with tremendous strides
in the past few years, since the operating companies have felt more
sure of their ability, until there are more than a thousand miles
of thirty three thousand volt three phase transmission lines in
Illinois alone.
In the future, however, in order that this transmission
development may progress as rapidly and may in addition conform to
the changing position of the operating companies relative to the
Public, it will be imperative that the engineers, upon whom the
Directors of these Companies depend for the analysis of new pro-
jects and developments, and upon whom lies to a great extent the
responsibility of their successful future, shall be able to de-
termine clearly and definitely, the limiting characteristics of a
general situation which make a projected transmission development
a wise one or which perhaps, indicate the inadvisability of further
procedure
.
These limiting characteristics are not always easily
distinguished. This is perhaps most true in the more recently
developed sections of the country, where the past rates of growth
of wealth and population of any particular division cannot be
accurately ascertained or are altogether missing, such as newly
opened farming lands. T^is may also be true of some city or
territory in which the progress of economic betterment is

spasmodic and is dependent upon the activity of certain industries
for its initiative; a good example being a community which depends
for its wealth upon the activity of a coal mine, of which the oper-
ating expenses per ton are normally excessive, and which is econ-
omically productive only in periods of coal shortage. It is pos-
sible that this may be true of a city or community having other-
wise entirely normal characteristics, but with certain impending
changes of political or economic significance, which temporarily
throw the final result in doubt. Unless a most careful survey is
made in each case and certain well defined and carefully formulated
principles are applied in the final determination of the feasa-
bility of the project, the result may easily be the failure to re-
turn even the permitted percentage upon the investment for interest
and depreciation expenses.
It is the purpose of this thesis to present the more
important of these limiting characteristics and the resultant
principles upon which an operating utility should normally base
the feasability of transmission line development of communities of
less than ten thousand people within a radius of one hundred miles
of the established central station, and to attempt to show the re-
lation of these characteristics to the final working out of the
project. In order to do this, it will be necessary -
First, to enumerate the most important of the limiting
characteristics of a transmission line development.
Second, to present them successively with their relative
location in, and effect upon, the transmission plan.
Third, to combine their several effects and attempt
the deduction of the most important underlying economic principles*

8and,
Fourth, to interpret these principles and to indicate
the limitations of the transmission idea.
If by this method the general economic bases upon which
all successful transmission projects must be developed, can be
clearly presented, together with a method of utilizing them, the
purpose of the thesis will have been realized.
# # -y- * * #

SECTION OWE
kL'ILT^NG CHARACTERISTICS
In the enumeration of the characteristics of a
transmission project which limit its application from a standpoint
of success of failure, there must be considered, as most important,
the following items:
(a) The total cost at the generating station
of a unit of electrical energy at generated
voltage and at the point of entering the
transmission system; with due regard to the
various subdivisions of this cost.
(b) The total cost of the Transmission Line
and its transforming apparatus with light-
ningprotection and substation equipment.
The fixed charges of Interest, Depreciation,
Taxes and Insurance, upon this cost and the
patrolling and maintenance costs, losses,
and other expenses incident to the operation
of the line.
(c) The total cost of the low voltage Distributing
System at the end of the transmission line to
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deliver the energy to the consumer. The
fixed charges upon this cost and the oper-
ating costs, losses and other expenses in-
cident to the operation of this part of the
whole System.
(d) The increasing costs of energy in Heat unit
form, and the increasing costs of materials
for maintenance and operation.
(e) The amount of energy to be transmitted, the
Load Factor, and the probable Gross Hevenue,
all of which may be determined generally from
the population of the territory served; with
the industrial development which may be made.
(f) The type of territory through which the
development is to be made; its wealth, its
industries; its self dependence, and the
ability of its population to earn a surplus
above the costs of living
. necessities
.
(g) The effect of these conditions when taken
in connection with the development or past
increase in the wealth and population of
the proposed territory.
(h) Other less important characteristics, such
as, the economic stability of the community,
its newness, the characteristics of the
local government, and others.
These, more than any others, are the characteristics
which must be carefully noted in the preliminary survey of a trans-
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mission project. Upon them are based the costs of delivering
energy in electrical form to the population to be served, the pro-
bable return from this population for the service rendered, the
permanency which may be expected of the business which might be de-
veloped, and the limiting distances to which energy may be carried
to a community of given population, which are the fundamental and
deciding factors in the economy of any plan of this description.

SECTION TWO
DISCUSSION CONCERNING
LI_MI_TI_NG CH^HnCTERI_ST^CS
Part One
The Generating Station
The first and original factor which enters into the
economic disposal of any acticle is the cost of its production.
So, in the case in which the basis of the proposition is the sale
of electrical energy at a price which is supposed to pay a reason-
able profit over the total expense of delivering this energy at
the point of sale, the total cost of transforming the heat units
in the fuel into kilowatt hours, is the primary division of this
total expense which should be carefully considered. For unless
the cost at the output switchboard of a generating station lies
within certain well defined limits, there is likely to be very
little question as to the economic feasability of any project which
depends upon the utilization of energy from that station for its
success
.
I n order to properly understand the manner in which

the various production expenses of the generating station operate
to increase or decrease, within these limits, the output switch-
board costs per kilowatt hour, it is necessary to briefly analyze
the types and characteristics of generating stations. These may
be divided into two major groups, upon a basis of switchboard cost
of energy per unit:
(a) Those which operate condensing;
(b) Those which operate noncondensing.
Of these two groups, it is generally found that the
total expense per kilowatt hour at the output switchboard is lower
for the first than for the second, due exactly to the percentage of
of efficiency, which is reached in the process of transforming the
energy into electrical form. There are many examples of noncon-
densing generating stations at which the total costs per unit of
energy output are less by remarkable amounts than at condensing
stations of the same capacity, operating under relatively the same
labor and fuel conditions. However, these are unusual situations
and it may be considered that in, practically all cases, the re-
lative efficiency rank of the various types of generating stations
is that given above. Also, if in any particular proposition under
consideration such is not the case, the phenomenon is usually so
well emphasized that its effect cannot be over looked.
In these types of generating stations, the various
costs which, added together, make up the total cost per kilowatt
hour delivered from the station are as follows:

(a) Superintendence
(b) Employees
(c) Fuel
(d) Lubricants
(e) Water
it) Miscellaneous Charges
(g) Maintenance
(h) Depreciation, Interest, Insurance
and Taxes
All of which, with the exception of the last group (h),
are nicely defined by the Interstate Commerce Commission in its
Classification of Railway Accounts; and a repetition of such de-
finition is not deemed necessary here, since it is not especially
required for the development of the discussion.
These costs are present in greater or less degree
in all generating stations of both types noted, and only vary in
quantity relatively, among the various stations.
Of all these costs there are usually four groups which
are large in amount compared with the others, and which in prac-
tically all cases determine among themselves the output cost per
unit of energy, for all purposes of comparison between any two
types of generating stations. These groups are (b) Employees,
(c) Fuel, (g) Maintenance, and (h) Fixed Charges, which last in-
cludes the items of a Depreciation reserve for replacing the oper-
ating equipment and property, Interest upon the investment, and
Insurance and Taxes. The other costs which are necessary of con-
sideration and at times of considerable magnitude, rarely attain
to the proportions reached by these groups, and it is to these
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four divisions that most careful attention must be paid in a de-
termination of the production cost per unit of energy delivered
from any station.
The first of these groups, (b) Employees, has the pre-
dominating characteristic, that, for practically any realizable
output of electrical units from a given condensing station during
a given period, the cost is constant. If the station is of the
noncondensing type, this cost varies slightly, directly with the
output in electrical units, due to the increase in the boiler rooi
organization at periods of heavy load upon the station. This
variation however is not present if the noncondensing station is
equipped to handle its fuel into the furnaces mechanically. But :
every normal case and in every case in which full advantage is
taken of mechanical devices, the employees cost, at any station,
is fundamentally a constant quantity thruout any given period, so
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far as the output in electrical units is concerned; and it only
varies when, due to necessity of handling fuel normally, the period-
ically increasing output raises the quantity of fuel to be consumed
by, and the handling capacity of, the normal organization.
Figure Two, which shows the relation of the actual
employees cost to the output in electrical units from condensing
generating stations of approximately fifteen thousand kilowatts
capacity, and of five thousand kilowatts capacity, expresses ex-
cellently the normal condition which exists in a given station of
this type. The cost of employees per period is constant over a
wide range of output.
Figure Three, shows the actual variation which occurred
in the cost of employees, during periods in which the various
corresponding amounts of energy were delivered from the switchboard
of a thirty five hundred kilowatt noncondensing generating station,
16

Figure Four
which employes almost entirely, manual labor for fuel handling. The
cost of employees for the given conditions existing at the station,
varied fifty percent with an increase in output of almost three
hundred percent.
The cost of employees is constant only for a given set
of conditions however, and varies directly with the capacity of the
generating station, when other conditions, such as methods of hand-
ling and firing of fuel, number and type of units, and relative
efficiency of total station, remain the same. This variation which
can be expected between condensing stations of different capacities,
having mechanical fuel handling equipment, water tube boilers of
over one hundred and fifty pounds gauge steam pressure, turbine gen-
erators in units of three to five thousand kilowatts capacity, and
which operate noncondensing with an overall efficiency of seven to
ten percent, has been found to be very nearly that shown in Figure

Four. It is very probable that the results of an investigation of
this kind into the records of a great number of stations having
these characteristics, would show that this variation is in well
defined steps instead of along the smooth curve shown; but for all
practical purposes of discussion this rate of variation is suf-
ficiently accurate.
The variation of the cost of (c) Fuel however, with re-
lation to the units delivered from a generating station, shows a
marked difference from that of the Employees cost. Instead of
being practically constant for stations having certain major
characteristics of capacity, type of equipment, and other general
conditions, thruout all realizable ranges of output, it has been
found that this cost varies practically directly as the output, for
stations having more than two continually operating units, and a
twenty four load factor of more than twenty percent, based upon the
station peak load. Beyond this statement however, it is impossible
to go with reference to the fuel cost, as in a given station under
fixed conditions of operation, the relation of the cost of fuel to
the output may vary greatly, due to varying conditions of circulat-
ing water temperature, cleanliness of condenser and boiler tubing,
tightness of the boiler settings, and varying quality of the fuel
itself. So that, while it has been determined that for all prac-
tical purposes the cost of fuel may be considered to vary directly
as the output in units of energy, it is impossible to deduce any
other fundamental rule by which the fuel cost may be determined
when the major characteristics of the plant are known. Since the
greatest effect upon the amount of fuel consumed for a given output,
is that of other operating conditions, all of which must be de-
termined in order to accurately predict the consumption of fuel per
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unit of energy.
Despite these facts, however, there is usually
sufficient information available at any generating station, to
permit the determination of the fuel consumed per unit of energy
during a large number of periods of varying output; from which de-
termination an average relation may be obtained which will be prac-
tically accurate thruout all possible variations in output, re-
quiring the operation of more than two units of generating equip-
ment, and beyond the load factor of twenty percent above mentioned,
while all other conditions remain the same. Since the number of
pounds of fuel consumed under any set of conditions may be measured
with great accuracy, and the number of units of energy delivered
from the station may also be accurately determined, at least
commercially, the number of pounds of fuel per unit of energy de-
livered may be calculated and with the cost of fuel, per ton in the
case of coal, or per gallon when oil is used, the cost per unit of
energy delivered may be readily obtained. And if the cost of fuel
at a generating station, for added load due to a new transmission
project is desired, this method of determination may be used with
confidence
.
It is recognized that this cost of fuel, for any certain
output and with all other factors remaining relatively constant,
is widely different in condensing stations from the cost in non-
condensing stations; but any attempt to show a definite relation
between the two costs, other than that the former is practically
always greater than the latter, would only result unintelligibly.

Figure Five
Figure Five shows the relation at various costs per ton,
of the fuel cost per unit of energy to the pounds of fuel consumed
per unit delivered. Upon such a chart may be based the determina-
tion of the total cost of fuel at a generating station, the oper-
ating characteristics of which are available for investigation.
The third division of the costs at the Generating
Station, that of (g) Maintenance, has still a different relation
to the total output in units of energy, from that, either of
Employees, or of Fuel. The maintenance expense for any period,,
while to a certain extent dependent upon the number of units of
energy delivered from the station during that period, has been
found to be more dependent upon the number of steam and electric
generating units in the station and that percentage of the total
hours in the period, during which the various units operate. That
this however is not strictly true, may be easily perceived after
20
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investigation has proven that the cost of any part, which is subject
to failure on an engine of one thousand rated horse power, is
neither equal to, nor only one half as great as, the cost of a
corresponding part, equally subject to failure, of an engine of two
thousand rated horse power; but lies somewhere between such two
cost figures. Likewise, as in the cost of fuel, the attention which
the operating organization pays to the condition of the station
equipment and the keenness with which slight departures from
correct behavior of the steam and electric generating units, are
met, are very important factors in determining the relation of the
Maintenance cost to any other varying characteristics of the station
Despite these conditions, a careful investigation has
shown that, for the practical purposes of determining the probable
increase in Maintenance cost with increase in output, in stations
of defined characteristics of equipment and within the realizable
limits of output, a part of the total maintenance expense may be
considered to be constant, and the remainder to vary as the output
in units of energy and to remain constant per unit of energy de-
livered. Between these two parts of the maintenance expense, the
ratio for condensing stations varies somewhat from that of non-
condensing stations. In the case of the former the constant por-
tion is a greater percentage of the total cost than in the latter.
And in making determinations for practical cost figures, after
having determined the total maintenance cost for a given period,
it has been found to be sufficiently accurate to apportion, in the
case of condensing stations, sixty percent of the total maintenance
cost as the constant or fixed portion and forty percent as the
varying portion, which latter, divided by the kilowatt hours de-
livered during a corresponding period, results in a constant cost
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per unit of energy, upon which two figures may be based the increase
in maintenance expense to be expected for any increase in output
from the station. While, in the case of noncondensing stations,
these portions are most accurately divided, so that each equals one
half of the total expense.
It is recognized that such divisions of total maintenance
expense will vary slightly with varying conditions from one period
to the next; but investigation has shown that for long periods of
from four to eight years, these percentages obtain with sufficient
accuracy for all practical purposes. They are based however, upon
steam turbine operation in condensing stations and upon steam engine
operation in noncondensing stations, which have been for a number of
years the standard processes of such operation.
For stations of varying capacity however, the relation
of total maintenance expense to station capacity, for conditions of

zz~
approximately constant station or utility factor, is still different
from that above outlined in the case of output from a given station.
Careful investigation has shown that the maintenance expense varies
directly as the station capacity for stations having the same major
characteristics of size and type of steam and electric generating
units, the same methods of operation either condensing or noncon-
densing, and the same methods of handling fuel. This relation is
illustrated graphically by Figure Six, the data for which is taken
from the actual maintenance costs per year for typical condensing
steam turbine stations with boiler units of four hundred horse
power capacity each, turbine generator units of two to four thous-
and kilowatts capacity each, and mechanical fuel handling equipment.
This relation, which may be considered accurate for stations of
less than fifteen thousand kilowatts capacity having these character
istics, may be expressed practically as -
3000 K - C plus 4000 Z
in which "K" denotes the station capacity in kilowatts and " C" , the
total maintenance expense per year in dollars. From this relation
may be obtained the maintenance expense, which in an analysis of
station expenses may be divided as above outlined.
The fourth of these groups of station costs, that of
(h) Fixed Charges, has in its relation to the total output, the
same predominating characteristics as has the cost of Employees,
and remains constant for a given station regardless of the output
in units of energy. Since it is apparent that after a station is
constructed, the output may vary from zero to the maximum obtain-
able at one hundred percent utility factor, if such condition might
be reached without requiring additional investment in building or
apparatus
.

Figure Seven
So far as the size and type of station is concerned
however, the total fixed charges per year will vary greatly as the
capacity in kilowatts increases and as the type changes from con-
densing to noncondensing. Materially, this expense is also dep-
endent upon the cost of construction materials and apparatus, and
of labor at the time the generating station in question was orig-
inally constructed. While these costs are continually changing,
the average total costs for labor and material, real estate, and
overhead expense, per kilowatt of installed capacity are practically
constant or show only a uniform variation as the size of the
station in kilowatts varies. And if this variation is known within
reasonable limits, the total cost of a station of standard type
may be readily determined.
For the purpose of determining the total station costs,
however, in order to analyze the practicability of a proposed
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addition to the output of a station, the only accurate method of
determining the fixed charges expense, is to obtain first if pos-
sible, the actual construction cost of the station from records
which may be available. This method if successful, results in a
definite and reasonably accurate foundation upon which to base the
determination of fixed charges expense. If it cannot be pursued,
recourse must be taken to data compiled from actual construction
costs for stations of the type desired. Figure Seven presents
the results of a careful investigation of, and of experience with,
the construction costs of steam turbine condensing power stations,
located near adequate water supply and equipped with water tube
boilers with natural draft, superheaters for 100° increase in
temperature, steam turbine generators, and surface condensing
equipment, housed in brick buildings with crane and coal handling
equipment. While Figure Eight presents the corresponding costs
L 25

for noncondensing stations equipped with water tube boilers with
natural draft , stokers , steam engine driven generators with no con-
densing equipment, and without coal handling equipment, where below
two thousand kilowatts in capacity; but equipped with coal handling
machinery, when above that figure. The apparatus in this case is
housed in brick building, also. These costs may be taken to be
typical and accurate except in cases where very unusual conditions
are encountered, such as bad foundation, long distance above water
supply, or similar difficulties.
When the total cost of the station in question is
obtained, the fixed charges are found by multiplying the cost by the
percent return for interest, depreciation, insurance and taxes, which
has been permitted by law or established by the policy of the oper-
ating company. While the percent return which may be earned for
interest charges is not definitely fixed, the tendency among the
Public Utilities Commissions is toward eight to eight and one half
percent upon the total investment cost; and it is probable that
within a short time, approximately such a percentage will be made
the basis of expense analysis in determining charges for service.
On the other hand, the proportion fixed by such Commissions as
necessary to be earned for the purpose of setting up an adequate
depreciation reserve is, for power stations, five percent of the
total investment cost. This propostion varies for individual items
of the station equipment from approximately three percent for brick
buildings to twenty percent for the major portions of the moving
parts of coal handling equipment, but a great amount of investiga-
tion has resulted in an average determination of five percent on a
straight line basis. The insurance and taxes charges, while they
are technically not fixed charges but are usually included under
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operating expenses, are still so very nearly one and one hall' to tv/o
percent of the total investment expense normally incurred in station
construction, that, for all practical determination of total costs,
they may be included under the fixed charge classification at these
proportions; as only under very unusual situations such as for
example, the location of stations upon very costly real estate, will
the actual costs exceed these proportions. The total fixed charges
cost then may be practically considei^ed to be from fourteen and one
half to fifteen and one half percent of the total investment ex-
pense, necessary to completely build and equip the power station.
The remaining groups of expenses incident to the oper-
ation of a generating station, (a) Superintendence, (b) Lubricants,
(e) Wa ter, and (f) Miscellaneous Charges, are usually so small in
comparison to the four major groups discussed above, that they may
be entirely covered by adding seven and one half percent to the sum
of the total expenses of the three first mentioned major groups,
Employees, Fuel, and Maintenance. Actual determination from records
of the total costs of these groups is advantageous; but if this is
not possible, sufficiently accurate calculations may be made by
adding this percentage to the Bum of these groups, whenever ex-
amination discloses normal and efficient operation of the station
in question.
Of these four remaining groups of expenses, it is
apparent that the first and fourth, (a) Superintendence and (f)
Miscellaneous Charges, are not variable because of a varying
station output; since for all realizable output amounts in units
of energy, there should be no necessity of increasing or decreasing
the costs of these groups. On the other hand, the quantities of
lubricants and water required are practically directly dependent
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upon the units of energy delivered, and consequently the costs of
these groups vary with the output directly, thruout all changes
of output possible in a given station.
The variation of all of these groups of expenses of a
station with the output from the station, may be tabulated as
follows
:
Percent
Constant
Percent Variable
with Output
100
100
100
40
50
(a) Superintendence loo
(b) Employees 100
(c) Fuel
(d) Lubricants
(e) Water
(f) Miscellaneous Charges 100
(g) Maintenance Condensing 60
Woncondensing 50
(h) Fixed Charges 100
From the typical data illustrated above, the division
of expenses for a condensing steam turbine station of six thousand
kilowatts capacity, operating at four and one half pounds of coal
per unit output, with a total cost of fuel of one dollar and seventy
five cents per ton, during a year in which there were fifteen
million units of energy delivered from the station, is as follows
Cost of Station $612,000.00
Kilowatt Hours Output 15,000.00
Tons of Coal Used 33,750

i 1 igure Nine
Constant Variable
Employees $15,000.00
Fuel $59,062.50
Maintenance 5,100.00 3,400.00
Superintendence
,
Miscellaneous 3,096.00
Lubricants, Water 3,096.00
Fixed Charges 91,800 .00
Total $114,996.00 $66,568.50
Per Kilowatt Hour Output Variable Cost $.004438
For various amounts of energy delivered from the station
in a year corresponding to various hours of full use of the station
during the year, the total cost per unit of energy delivered is
therefore
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C = ^114,996.00 plus | .004438 x H x 6000
H x 6000
in which H denotes the hours of full use of the station during the
year •
This relation of cost is illustrated in Figure Nine from
which it will be noted that the total cost per kilowatt hour varies
from #.0080 to $ .0138 within the possible ranges of the total use
of the station. under the constant conditions originally given.
T^ese total costs for a non-condensing station per unit
of electrical energy as compared with the number of hours of full
use of the capacity of the station, will vary practically as shown
in Figure Nine, and will be higher than the costs shown for any
given number of hours, by an amount which will depend entirely upon
the cost of fuel and the number of pounds of fuel used per unit of
energy delivered. Since while the employees and maintenance costs
may be different from those of the condensing station, the factor
which causes the greatest variation in the cost per kilowatt hour
is the expense of fuel. Because the total cost per kilowatt hour
varies with the number of hours of full use of the station capacity
materially, and the cost of energy delivered to the community which
is to be served consequently varies with this unit cost, and be-
cause the increase in the number of kilowatt hours delivered from
the station which may be due to the proposed transmission line de-
velopment, will possibly change the number of hours of full use of
tha station capacity in the succeeding years, it may be concluded
that the power station expense per unit of energy is an important
characteristic which may limit the extent of a transmission line
development or the distance to which energy may be economically
transmitted.
* * -x- *
-x-
-x- -x-

SECTION TWO
Part Two
The Transmi ssion Line
The production of the energy in electrical form at the
bus bars of the generating station is followed naturally by the
transportation of it to reach the community in which it is to be
distributed. If this community is at a considerable distance from
the station, the transmission method which is required to carry on
this transportation will make necessary the investment of a large
amount of capital in transformers and transmission lines of re-
latively high voltage, and in the costly incidental switching and
protective apparatus to properly serve the major equipment. This
investment which increases with the complexity and higher voltages
of the apparatus used, may make the effect of the fixed charges and
operating costs of transporting the energy to the community become
of very great moment in the determination of the final cost at the
place of delivery. So that this total cost operates to limit
appreciably the extent of the transmission scheme.
The simplicity or complexity of this transmission system
depends upon the nature of the country thru which the lines must
pass, and the number and variety (as to size and location) of the
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individual substations, and of the different territories which they
serve. Always, the most simple line and apparatus which these
surroundings will permit, is the most economical, both from the
standpoint of investment costs and of operation. Although there
are numerous examples of extra precautionary measures which have
been embodied in the design and construction of transmission systems
such as the concrete setting for wooden poles and the overhead
ground wire, the results of the use of which have proven, in most
cases, the folly of their original employment. It is in the oper-
ating cost, of maintenance and of interruption to service however,
that the simplicity of construction makes itself most felt, since
it is upon these costs that the employment of many electrical
assistants and the purchase of highly specialized apparatus have
their greatest effect, and it is with them that the reduced gross
revenue resulting from interruptions, is compared in determining
the increased percentage of expenses to earnings, with its con-
sequent derogatory effect upon the "showing" of the project.
The investment expense of a transmission line is the
amount of capital necessary to properly construct it, with its
attendant substation equipment, transformers, lightning protection
and incidental equipment. While these capital expenditures are
reasonably well standardized, due to the enormous amount of trans-
mission line construction which has been carried on, still there
may be great variations in them, due to attempts to construct and
maintain elaborate and specialized types of equipment under the
mistaken idea that they will perform unusually efficient service.
Experience has proven that if the transmission line itself, the
cost of which forms the greater part of the capital expense, is
constructed as simply as possible with due regard to the
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engineering details of strength of the poles and cross arms and th
electrical characteristics of the conductors and insulators, there
will be not only a reduced capital expenditure, but a much less
cost of operation due to the ease and rapidity with which repairs
can be made and interruptions to service eliminated or very materi
ally decreased. Consequently there have been established as a
standards of transmission line construction, two arrangements of
poles, cross arms, and conductors which are in general use thruout
the central portion of the United States. These standards are
similar for all voltages within limiting ranges and vary only in
the spacing between the conductors themselves. The standard which
is commonly used for all transmission lines of less than 44000
volts, is that shown in figure Ten, which is called the "A" stan-
dard. The second standard, used for voltages of 44000 volts or
greater between conductors, is that shown in Figure Eleven, in
which it will be noted that one conductor is carried on the upper
cross arm and the other two conductors of the three phase line on
the lower cross arm.
Since these types of construction have become so
standardized, it is possible to predetermine with reasonable acc-
uracy, the total cost of building a transmission line for any given
voltage per mile, provided only that the territory through which
the transmission line is constructed, is reasonably open and there
are no peculiar conditions, such for example, as a great number of
corners, which will require exceptional expenditures. For any line
built according to one of the standard types of construction and
for a certain voltage, the total cost per mile changes only because
of the different sizes of wire used for the conductors. Since the
remaining costs of poles, cross arms, insulators, and hardware
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are definitely fixed by the standard of construction, the spacing
of conductors for the voltage, and the insulation required to pre-
vent undue interruptions to service.
An investigation based upon the costs determined from
actual experience with various sizes and types of transmi ssi on lines
has resulted in the costs per mile given in Table VIII, in the
following Appendix "B" . It will be noted from this table, that
this total cost varies from $1326.00 per mile of 8000 volt trans-
mission line, using four #6 wires for three phase, four wire
service, to $2472.00 per mile for 44000 volt transmission line,
using three #0 wires for three phase, three wire transmission
service. These costs were determined by means of analyses of the
type shown in Table VII, which is a typical analysis of actual
transmission line expenditures made in 1913. To the costs given in
Table VIII, there must be added twenty percent for overhead, super-
vision, right-of-way, easements and contingent expenses, experience
having shown that this percentage checks very closely with the
difference between the total expense of construction of the line
proposed, and the material and labor expenses of actually obtaining
poles, wires, insulators, and so forth, and building the line.
In addition to the line cost, there is the expense of
transformers, substation equipment, including lightning protection
and switching apparatus for both ends of the transmission line,
which must be included in the determination of the capital ex-
penditure for any development which is under consideration.
The costs of transformer equipment are closely
standardized and the variation in these costs is only in capacity
and voltage. This variation is shown in Figure Twelve, for
capacities up to 200 kilovolt-amperes , and for voltages from 8000

Figure Twelve
to 33000, and the data shown in these curves may be used to deter-
mine transformer costs with reasonable accuracy, adding only the
costs of freight and of the handling of the transformers to locate
them at the point desired. The cost of substation equipment and
lightning protection for a transmission line development, has also
become very well standardized, and experience has shown that the
total expense of an outdoor substation for both ends of an 8000
volt transmission line for capacities up to 500 kilowatts is very
closely $1500.00, which includes the cost of switchboard, switches,
meters and electrolytic lightning arresters. While for higher
voltages this expenditure varies from #2250.00 for 22000 volts, to
$2750.00 for 33000 volts, and to #3300.00 for 44000 volts. To
these transformer and substation equipment costs, it is necessary
to add twenty percent of the material and labor expenditures above
outlined for supervision, engineering and incidental costs, in
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order* to determine with reasonable accuracy, the total cost of this
portion of the transmission line development.
From the standardized costs therefore, which have been
determined by practice thruout the central portion of the United
States, the total cost of a proposed transmission line may be very
accurately determined, when the number of kilowatts which are to be
transmitted, is known, together with the distance over which the
energy is to be transmitted.
The capacity of various lines in kilowatts of energy
which may be delivered at the receiving end, with a constant
receiving voltage, for various voltages between conductors, and for
various sizes of conductors, are readily calcuable by several
methods, a description of which is not necessary here. In Tables,
II, III, IV, V and VT of the following Appendix "B" , the number of
kilowatts are given, which may be delivered from lines varying in
voltage from 8000 volts to 44000 volts between conductors, and of
lengths from 5 miles to 100 miles and with numbers One, Two, Four
and Six hard drawn copper wire as conductors. The calculation from
which these determinations have been made were all based on the
concentrated capacity method, with concentrated load.
In figure Thirteen, the cost of a transmission line of
thirty three thousand volts between conductors of number six wires
together with the cost of transformer and substation equipment, is
compared with the number of miles to which the capacity of this
line will permit energy to be transmitted, with a five percent drop
in voltage. There is also shown the capacity which may be trans-
mitted at any given distance by such a line, upon which capacity
the cost for that distance is based.
All such transmission lines, however simple or complex,

Figure Thirteen
are subject to certain definite yearly expenses, which vary as
between any two established lines with the voltage, length of line,
and its capacity. These yearly expenses are:
(a) Fixed charges expense, which is the cost
each year of paying the interest, depreciation,
and insurance and taxes, upon the capital
invested in the lines, apparatus and situation.
(b) Operating expense, which includes the cost
of supervision of the general operation,
patrolling the line, taking care of the
station apparatus, supplying water and oil
. for substation equipment, and miscellaneous
expense
.
(c) Maintenance expense, which includes the cost
of labor and material to repair apparatus
L 39
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damaged by lightning, fire, excess
loading, and short circuits, and to
replace destroyed parts of apparatus
and line.
(d) Cost of energy, which is the total
cost at the point of entering the trans-
mission line and transformers at the
generating station, of all of the units
of electrical energy necessary to ade-
quately serve the community to which the
transmission line is constructed.
These costs taken together, form the total transmission expense
which it is necessary to obtain very carefully, in determining the
total cost of serving a community of given population and other
determinable characteristics.
The fixed charges expense per year, which is the amount
that may be earned to pay the interest and depreciation costs,
and in addition, for the payment of insurance and taxes upon oper-
ating equipment, bears in its relation to the investment cost of
the transmission line and substation apparatus, the same relation
which the fixed charges expense bore to the investment cost in the
case of power stations, and is applicable in the same manner to the
total expenditure necessary to complete the transmission develop-
ment for any given community. The interest charge varies from eight
percent to eight and one half percent, based upon the total in-
vestment necessary to complete the development.
For transmission lines, poles, wire, transformers,
lightning protection equipment, etc. the percentage for
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depreciation, varies from 3 to 4/.. This percentage for depreciation
is based upon numerous reports from the Wisconsin, New York and
Illinois, Public Utilities Commissions. The insurance and taxes
expense, which, while normally considered to be operating expense,
is so constant that it may be considered to be represented by a
fixed percentage of the total expense, is very closely 1*5% to 2/
of the total investment cost. So that the total fixed charges may
be considered to be from 12.5% to 14.5^
>
and a very accurate average
for all purposes may be assumed at 13.5% of the total first cost of
the transmission development under consideration.
The standardization of the methods of transmission line
construction, transforming equipment and other such apparatus, has
become so great that the operating expense of general supervision
and patrolling, and the maintenance expense of repairs to the line
and to the substation equipment, are together a practically constant
figure, depending upon the length of the transmission line in
question, and but very little upon the increase in voltage or the
capacity of the line; provided only that the original construction
was made sufficiently strong to conform to the requirements of
specifications, such as those established by the National Electric
Light Association, and provided further, that no unnecessary or
elaborate methods of construction have been used. An investigation
of the costs of operation and maintenance expense of transmission
lines and transformers for over 750 miles of transmission lines,
varying from 16500 volts to 44000 volts in the states of Iowa and
Illinois, has resulted in a determination that this average constant
figure for yearly operating and maintenance expense is approximately
$45.00 per mile. This will seem to be an insufficient amount, un-
til a thoughtful analysis indicates the small maintenance necessary
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under normal conditions, lor a properly constructed transmission
line and for substation equipment, which is amply protected from
lightning di strubances . And it is believed that this amount may
be used satisfactorily for investigations of transmission lines of
more than ten miles in length.
The third division of the transmission line yearly
expenses, that of the cost of energy, is dependent entirely upon
the cost per kilowatt hour of the energy delivered to the trans-
mission line, and the number of kilowatt hours required to be de-
livered over this transmission line in the course of a year. These
factors in turn, are dependent, the one upon the power station
operation which has been previously analyzed, and the other upon
the requirements of the community which it Is purposed to serve,
which requirements will be taken up separately. The losses of
energy however, which are incident to the operation of the trans-
mission line and transformers, must be taken into consideration and
for all practical purposes of calculation, may be considered to be
ten percent of the kilowatt hours delivered to the community which
is being served, when the drop in voltage between the transmitting
and receiving ends of the transmission line is approximately five
percent, and the average hours of full use of the kilowatt demand
over the line, varies from two thousand to five thousand per year.
It is possible, as may be readily perceived from the
above discussion, to determine with reasonable accuracy, the total
cost of constructing a transmission line and its substation and
protective equipment, and also the probable expense per year of
operating this line and its equipment, if there may be predetermined
the kilowatts of demand which must be transmitted, the length of
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the line, the cost per kilowatt hour of the energy at the generating
station, and the average hours of full use of the demand which it
is proposed to transmit.
For the line, the cost of which is illustrated in
Figure Thirteen, for example, the total cost of the development for
the line fifty miles in length is #95,000.00 and the capacity which
can be transmitted by this line to this distance, with a 5% drop in
voltage, is 480 kilowatts. From the previous discussion, the
following total expense for operation per year, assuming 3000 hours
of full use per year of the capacity of the line and a cost of one
cent per kilowatt hour at the transmitting end, would be as follows:
Fixed charges expense #12,825.00
Operating & Maintenance expense 2,250.00
Cost of energy 15,840.00
Total operating expense 30,915.00
Total energy delivered 1,440,000 units
Total cost per kilowatt hour delivered #.0215
So that the total cost of developing the electrical service for a
community, is dependent to a very large extent upon the cost of the
transmission line which it is necessary to build to serve this
community and the cost of energy which may be obtained to deliver
the electrical service proposed, and since the revenue obtainable
from a community is reasonably fixed in its nature, as will be
subsequently shown, this total investment expense and from it, the
yearly operating expense, are decidedly limiting characteristics of
the general development under consideration.
* * -5C- -:t # # # •»

SECTION TWO
Part Three
The Distributing System
In order to properly distribute the electrical energy
which has been generated and transmitted, after it has reached the
community in which it is to be used, it is necessary to construct,
maintain and operate a distributing system, thru which this elec-
trical energy may be carried at a lower voltage, varying from
twenty three hundred volts to one hundred ten and two hundred twenty
volts, to reach the various consumers in their residences and in
their places of business.
Modern practice of constructing distribution systems
is, as in the case of transmission lines, very well standardized.
For a transmission voltage of sixteen thousand volts or less, the
standard practice is to distribute at one hundred ten , and two.hun-
dred twenty . volts, whereas for larger communities requiring from
sixteen thousand five hundred to forty four thousand volts and
higher, the standard practice is to distribute at twenty three
hundred volts and to reduce this pressure at the residences and
places of business of the consumer, to one hundred ten and two
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hundred twenty volts, by means of transformers scattered through
the system at the various points of heavy demand in kilowatts, the
location of which depends to a very large extent upon the manner in
which the different portions of the community are distributed.
The materials used in a distribution system are also very
well standardized, so that for an average community having a certain
population, the material and labor necessary to construct the dis-
tributing system can be very closely predetermined.
This standardization of materials required for the
building of distributing systems, and a practically constant demand
which is required for each consumer of energy in the residence or
commercial districts, results in a definite relation between the
cost of the distribution system and the capacity which it must have
in order to deliver a definite number of kilowatts of demand econ-
omically. It will be shown hereafter, that the number of kilowatts
required may be based upon a definite figure per one hundred people
of the community served, and as this figure remains practically
constant thruout the territory in which the distributing system is
built, and also since the economical limits of distribution at one
hundred ten and two hundred twenty volts have become standardized,
this resulting relation which exists between the number of kilowatts
of capacity of a distributing system and the investment cost of it,
has become practically fixed. A careful investigation of the data
available from over forty towns thruout the states of Illinois,
Iowa and Missouri, has resulted in Figure Fourteen, which shows the
relation between the number of people in various communities, and
the total cost per kilowatt of capacity, of the distributing system
which has been constructed to serve them. This cost per kilowatt

Figure Fourteen
varies from approximately ninety five dollars in towns of one
thousand people, to one hundred and fifteen dollars in towns of
ten thousand people. It is believed that the average cost shown
by this curve, is sufficiently accurate and reliable, that it may
be used in the determination of the total cost of construction of
the distributing systems, including poles, wires, transformers
and miscellaneous material, which are necessary to supply
communities with the populations specified.
The major characteristics of* the distri buting systems
upon which this curve may be said to be based, are twenty three
hundred volts . distributing voltage, in all towns of seven hundred
fifty population or greater, with a secondary distributing system
at one hundred ten and two hundred twenty volts from the dis-
tributing transformers; and for communities of a population of
less then seven hundred fifty, a distributing voltage of 4
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one hundred ten and two hundred twenty volts directly from the high
tension transformers, with no intermediate change in the pressure
used. The other characteristics upon which the curve is based, are,
the use of double weatherproof wire of number six and number eight
sizes for the twenty three hundred volt distribution, and number
four and number six sizes for the one hundred ten and two hundred
twenty volt distribution, with poles and cross arms of the proper
size and so placed as, to conform adequately with the construction
and service rules of Public Utility Commissions.
From the data available in the curve of Figure Fourteen,
it is possible in the case of a community in which the houses and
business buildings are reasonably well concentrated, to determine
the total cost of the necessary distribution system to adequately
serve the population with electrical energy, when this population
is known.
When this investment expense for the city or community
which is being investigated, has been determined, it is still
necessary to obtain the total costs per year of supplying the elec-
trical service to the community. Since the investment expense is
only the original capital cost of preparing the community to re-
ceive the energy which is to be delivered to it.
The various expenses which together make up the total
expense per year of furnishing service to a community from the
local point of supply, are;
(a) The Fixed Charges Expense, of interest,
depreciation, taxes and insurance.
(b) Cost of Employees for reading meters,
collecting bills, and other work.

(c) The Cost of Maintaining the lines,
transformers, meters and other
equipment, in first class condition.
(d) The Cost of the General Expense of
supervision, rents of office and so
forth.
( e ) The Cost of the Energy delivered to
the system and which is to be dis-
tributed .
(f) Miscellaneous expense.
The sum of all of these costs for a year represents the
total yearly expense necessary to supply the citizens of a
community with the electrical service, which is the basis of the
activity of a Public Service Company.
Of these expenses, (a) tixed Charges, is made up, as
were the fixed charges cost discussed heretofore under the trans-
mission line division, first, of Interest which may be earned as a
percentage of the investment expense. This percentage has been
previously discussed and varies from eight percent to eight and one
half percent, based upon the total investment cost of the dis-
tributing system* Second, of the Depreciation Cost, which is the
percentage of the investment expense which must be set aside to
permit adequate replacements to be made. This percentage for a
distributing system of poles, wires, transformers, and incidental
equipment, varies from three percent to four percent. Third, of
Insurance and Taxes, which are the amounts necessary to properly
take care of these items, and which, while normally considered to
be operating expenses, are so constant that they may be considered
to be represented by a fixed percentage of the investment expense.

Figure Fifteen
This percentage as in the cases heretofore discussed, is very close-
ly one and one half percent to two percent, so that the fixed
charges may be represented by a percentage of the total investment
cost which varies from twelve and one half percent to fourteen and
one half percent, and may be taken as an average at thirteen and
one half percent.
The remaining expenses incident to the distribution of
electrical energy, with the exception of the cost of the energy
itself at the point of supply, of (b) Employees, (c) Maintenance,
(d) General Expense, and (f) Miscellaneous Costs, may be represented
by a total cost per consumer, which varies as the number of con-
sumers vary in towns or communities of different populations. A
careful investigation has resulted in the determination that this
rate of variation is as shown in Figure Fifteen, the data for which
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has been made up partly from an analysis of the operating expenses
of twenty towns located In Illinois, Iowa and Missouri, and partly
from estimates based upon observations of the operating expenses in
similar communi ti es . This variation it will be noted, is from five
hundred dollars per year for towns having approximately two hundred
consumers, to twenty one hundred dollars for towns having fifteen
hundred consumers. The relation as expressed by this curve, may be
taken to be sufficiently accurate for all practical purposes, in a
predetermination of the amount of expense which must be included
under the above headings for any community, having approximately
the number of consumers specified.
The remaining yearly expense of giving service through
a distribution system, that of (e) Cost of Energy at the local point
of supply, depends entirely upon the cost of the energy at the
switchboard of the generating station, the yearly expenses and loss-
es incident to the transmission of the energy, and the number of
units of energy which are to be utilized by the community in
question. These factors have been previously discussed.
This cost of energy consequently, cannot be determined
until the number of kilowatt hours to be used is found. The method
of obtaining this number is discussed in a following section.
Whenever it is necessary therefore, to make an invest-
igation of the distribution cost of a community which it is pro-
posed shall be developed by means of a transmission scheme, the
total cost of building the distributing system, the total fixed
charges based upon this investment cost, and the total yearly oper-
ating expense per consumer to be served, may be determined if there
are known, the population of the community and the number of con-
sumers which under normal conditions of development might be

connected to the distributing lines. Also, if the number of
kilowatt hours are known and the power station cost per kilowatt
hour determined as has been previously outlined, the total average
expense of operating the distributing system for a yearly period,
may be determined with sufficient accuracy to permit the use of the
determination satisfactorily, in the investigation of the economic
success of the proposed transmission line development.

SECTION T I
Part Four
Constants of the Community
The fourth important characteristic to be considered in
a determination of the economic outcome of a transmission line
pro-
ject, is that of the community from which may be determined the
amount of energy required and the number of kilowatt hours of full
use of the line capacity which may be counted upon in determining
the cost of the service delivered at the end of the line. It
is
apparent that under widely varying conditions in the territory to
which the transmission line is to be built, the amount of energy
required for consumption in that territory will vary greatly and
the methods of use, if the territory is at all extensive, will be
very numerous. However, if the energy to be used in the territory
is classified between two primary divisions, the one covering all
energy utilized for residence lighting and for commercial lighting
and all small power requiring less than one horse power demand,
and the other including all other industrial and power applications,
it will be found after a careful investigation that a definite
relation exists between the number of people who are to be served

and the number of kilowatts of demand, which is required to serve
them. It will also be found that a definite relation exists, be-
tween the number of people who are to be served and the number of
hours of full use of the kilowatts of demand required. So far as
the industrial and power applications of the energy is concerned,
there will be found sufficiently accurate for all practical pur-
poses, a definite relation between the number of kilowatt hours used
and the number of kilowatts which are employed to serve the various
power installations, so that if these various relations are known,
it is possible to determine readily the number of kilowatts re-
quired for the residence and commercial lighting demands in any
given territory, and if the probable kilowatts of power demand are
known, the number of kilowatt hours required for serving the power
installations during an average yearly period may be readily de-
termined .
So far as the relation between the number of kilowatts
of demand for, and the number of people who are to be served in,
any given territory, it has been found after careful investigation
that a constant of four kilowatts for each one hundred people may
be used with reasonable accuracy in determining the demand for re-
sidence and commercial lighting in the given territory, provided
the installations are reasonably concentrated. ^ has also bee*1
found that this relation holds true for cities, villages and
communities having less than twenty five thousand population. Be-
yond this number of people it has not been possible to accurately
determine excepting in isolated cases, the number of kilowatts of
demand required for the residence and commercial lighting service,
although in the cases investigated, the relation of four kilowatts
for one hundred people has been found to hold. The difficulty in

Figure Sixteen
making such investigation for communities having more than twenty
five thousand people, lies in the fact that after such a population
has been reached, there are usually a number of industries existing
either contiguous to, or within the boundaries of, the community or
city in question, and it is difficult from the data usually avail-
able, to determine separately the demand required for these in-
dustries and for the residence and commercial lighting service.
In making the preliminary investigation, in order to
determine the economic feasability of a transmission line project,
it is necessary to ascertain the probable number of kilowatts of
demand necessary for the power service, by actual examination of
the industries which can be operated with electrical energy, as
there is no known method of determining with any degree of accuracy
the number of kilowatts to be required in any particular community
54
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Figure Seventeen
for this purpose, from the population or from other general charac-
teristics, existing there.
Figure Sixteen illustrates the relation which has been
found to exist between the population of over forty towns and cities
and the number of kilowatts of demand required to serve these
communities. These cities or towns are all located in Illinois,
Iowa, and Missouri, and may be taken as representative in prac-
tically every respect, of the normal community, within the range of
the population indicated. It will be noted from this curve that the
relation existing between the number of kilowatts required and the
population of the community, is practically four kilowatts for each
one hundred people served.
The relation which exists between the number of hours of
full use per year of the demand required to serve the residence and
commercial lighting of a community and the population, is 55
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illustrated in Figure Seventeen, which is made up from data obtained
from over forty cities and towns, thruout the three central states
mentioned above. This curve may be considered to indicate this
relation reliably and with sufficient accuracy for all practical
de-terminations, which are preliminary to an investigation of a
proposed transmission line extension. It will be noted that the
hours of full use vary between twenty four hundred and twenty seven
hundred, corresponding to operating load factors, based upon the
demand required, of approximately twenty seven percent to almost
thirty one percent, within the ranges of populations indicated, the
maximum of which is approximately twenty thousand. From this curve
and from the preceeding ones, may be obtained the necessary data to
determine the number of kilowatt hours required during a year, by
the community in question.
There is a further relation which is very useful in
making such a predetermination of the feasability of a transmission
line scheme. This is the relation between the population of a
community and the number of consumers of electrical energy for re-
sidence and commercial lighting, for each one hundred people
served. This relation however, is not a constant one, but falls
as the population of the community increases. This relation is
illustrated in Figure Eighteen, which was made up, as were the
previous curves, from the data available from over forty villages
and towns thruout the central states, all of which it is believed
are typical communities.
It is readily observed that, from this data, it is
possible to determine with a reasonable degree of accuracy, the
number of consumers of energy for commercial and residence service,

Figure Eighte en
in any community which is in question, together with the kilowatts
of demand required to serve them and the hours of full use of the
demand which will be required during a year; and also that, for the
purpose of determining the size of the transmission line and the
cost per unit of energy delivered over it, these figures are ade-
quate. If there are, in addition to the probable residence and
commercial lighting consumers in a given territory, several in-
dustries which may be induced, through advantages to be gained, to
use electrical energy, the total kilowatt hours of energy required
during a year by the community, will be different from that de-
termined as outlined above; but may only be found accurately by a
careful examination of the industries in question, or if possible,
by a measuring of the power required to operate them. If these in-
dustries are of the ordinary class and do not operate longer than
from eight to ten hours per day, the average number of hours of
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r igure N ineteen
full useof the maximum demand per year, which has been found to
be most characteristic of such industries, is seventeen hundred and
fifty corresponding to approximately twenty percent yearly load
factor; from which, may be determined the number of kilowatt hours
necessary to serve these industries. These kilowatt hours may then
be added to the number determined as necessary for the residence
and commercial service alone.
In addition to the above relations, which exist in the
normal city or town, there are two others of immense importance in
determining the feasability of the proposed development. One is
the gross revenue which may be obtained per capita, and the other
one, the gross revenue per kilowatt of demand per year which may be
derived from the sale of energy for industrial power requirements.
Figure Nineteen, which was made up from data available
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from over forty communities thruout the central states, illustrates
the relation existing between the number of people in the
community to be served, and the total gross revenue per capita for
the residence and commercial lighting, including the street lighting
revenue. This latter portion however, has been determined else-
where to be very nearly one dollar per capita per year and in case
only the gross revenue from the residence and commercial lighting
consumers is required, one dollar per capita may be deducted i rom
the data given in this curve. It will be noted that the average
return varies between six dollars and seven dollars per capita per
year. It must be stated that these revenues are based upon maximum
net rates, of approximately eleven cents per kilowatt hour for the
energy sold to the residence lighting consumers, and of ten cents
for the energy sold the commercial lighting consumers.
The other relation which may be considered to exist
in the electrical development of the community, is the gross re-
venue per kilowatt of demand, which may be obtained from the in-
dustries operating in or near the community. This will vary in
normal cities and towns from fifty dollars per kilowatt per year,
for approximately thirteen hundred hours of full use, of the de-
mand to seventy five dollars per kilowatt per year, for approx-
imately twenty six hundred hours of full use. For normal industries
using above five horse power at any one time, these figures may be
considered to be sufficiently accurate for all practical determin-
ations. So that, if the number of kilowatts required by any in-
dustry is known, and the number of hours of full use per year may
be approximated, the gross revenue which may be obtained from such
an industry may be readily calculated.
From the data herein discussed, if the population of a
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city or town is known, and it may reasonably be assured that there
are no unusual conditions existing in this town, such as exceptional
wealth or exceptional poverty, and regardless of the number of
people up to at least ten thousand, within the territory, the num-
ber of kilowatts of demand required to serve the community, the
number of kilowatt hours required per year, and approximately the
gross revenue which may be obtained, are readily predetermined.
Also, if the number of kilowatts required by the industries located
in any city or town is known, the gross revenue obtained from these
industries may be directly obtained by the application of the curves
and constants determined herein. All of which are, in their nature,
directly limiting, so far as their effect upon the outcome of the
transmission line project is concerned.
w •>{• -jc )(• }{

SECTION TWO
Part h Ive
Types of Communities
The fifth characteristic which must be considered care-
fully in determining whether or not a proposed transmission line
extension will result successfully, is that respecting the type of
territory through which the development is to be made.
For the purpose of investigating the proposed territory,
it may be considered to fall within three major classifications.
First, it may be a community of the retired farmer class, which has
naturally a very considerable wealth per inhabitant, and consequent-
ly is apparently capable of supporting a very material electrical
development, by returning considerably more than the normal gross
revenue per capita. Experience has proven however, that while the
apparent wealth indicated by the bank deposits and otherwise, in
this class of community, is above the average, the progressiveness
is usually very considerably below the average and the net result
is to bring the community, so far as the development of its elec-
trical institution is concerned, approximately to the normal
averages, which have been previously discussed. It should be par-
ticularly noted however, in this case, that the tendency in a
community of this description, is that of the results based upon
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the averages heretofore determined, to fall behind the rate of
increase in population (which is normally below the average),
rather than to equal it or to stay above it.
Taking all factors however into consideration, it may
be noted that from any town of this class, the increase in business
resulting from an electrical development will be natural, and will
equal approximately the rate of increase of the population; and
after the development has been well started, will be uniform with
the averages previously determined for a community of the population
in question.
The second class of cities or towns, into which the
community to be developed may naturally fall, is that which may
be most truthfully described as, a "dead" town. The character-
istics which will distinguish a community of this description are
the absence of any unusual amount of bank deposits, the small amount
of merchandise delivered wholesale into the town or out of it; the
absence of public improvements, such as paved or oiled streets and
well kept business buildings, and the evident lack of initative on
the part of individual residents in bettering the condition of
their homes. A community of this description, if an attempt is
made to develop it from the electrical standpoint, to light its
streets and furnish service to its various residents, will always
fall below the customary averages and unless very carefully watched,
will result in a loss and economic failure from the development
standpoint. This is due primarily to the fact, that the
opportunities afforded the citizens of such a community to earn a
surplus above the necessary living expenses which may be used in
bettering their surroundings, are always lacking and the ability
to freely use electrical energy for any purpose whatsoever is
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absent. In short, this class of a community Is the only one in
which the service afforded by the Public Service Company, has not
yet become a necessity.
Experience has shown that if adequate information is
obtained before hand, pointing conclusively to the fact that a pro-
posed development falls within this class, the result is prac-
tically always a failure to earn even the fixed charges upon the
investment, necessary to build a transmission line to serve the
territory. And only in the case that such a community is one of
a number of communities of much better classification, does the
whole development prove to be successful, rather than otherwise.
The third class of cities and towns is made up of those
having one or more local industries or better still, branches of
some widely spread industry. It is to communities of this de-
scription that the rapidity of, and the apparent ease of, the
progress in the applied electrical arts, are due.
Since, such a community is essentially one, in which a considerable
amount of skill is required for a citizen to maintain a normal
position, the earnings per capita in a community of this class are
always higher than the average. The resulting earning capacity
and earnings produce a condition in which the necessary expendi-
tures for living are relatively high, because primarily of the
ability of the earning class to pay an increased rate for the
necessities of life, consequently, that class of people which is
predominate in the community just described, is unable to exist
satisfactorily in competition with these conditions, and volun-
tarily leaves such a city or town, or by application increases its
own earning capacity, or (in a small percent) reduces its own
standard of existance to a very low condition.
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Because of the increased earning capacity of the
citizens of such a community, and the resulting higher rate of the
expenditures for the necessities of life, there is a very large
amount of money in circulation. Whenever such a condition exists,
there are naturally a large number of different types of institu-
tions, such as banks and trust companies, the primary object of
which is to act as a depository and a clearing house for that con-
siderable portion of such money which may, due to their keenness
in competition, come to their counters. In their desire to invest
portions of this capital made available to good advantages, these
institutions will promote industry, better living conditions and
as rapid an advance in the size of the community as is possible, in
order that their investment may produce as large return as may be,
so that in this cumulative manner such a community is always highly
progressive and keenly on the alert for all manner of development,
which will increase the efficiency of its progress. If an elec-
trical development is made in such a community, it will, with
reasonably careful management, always result in earnings which are
above the customary averages per capita and a consumption of elec-
trical energy which is far above that which corresponds to the
normal number of hours of full use of the demand, required only by
the application to the population of four kilowatts per one hundred
people. Such a community also will show a rate of increase in the
consumption of electrical energy, which will be considerably in
excess of the rate of increase in the number of people and if a
development is projected to a community of this description, it is
most particular to watch, not the probable earnings from the elec-
trical development, but the capacity of the apparatus which is in-
stalled, in order that it may not prove inadequate within a very
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short time to care for the demands of the community. Such a
community is very excellent territory for the location of an elec-
trical development.
Practically all cities or towns, to which it may be pro-
posed that a transmission line may be built, will fall within these
classifications and in predetermining the advisability of making
such an extension, a careful analysis of the proposed community must
be made, and the proper class selected. If the community is de-
cided to fall within the first class, a normal reasonable growth of
the business is to be expb cted, if it is possible to show an econ-
omical development at all. If the community falls within the
second class, a very great amount of care must be exercised before
a decision is made favoring the project, and it is usually ad-
visable unless the community is in connection with a number of
other advantageous ones, to entirely eliminate it from considera-
tion. If nowever, the city or town falls within the third class
and the examinations according to the above methods shall have
proven that the project would be successful at the present time,
there should be no hesitation in deciding favorably upon the ec-
onomic feasability of the extension.

SECTION TWO
Part Six
Increase in Costs
The variable condition in which the cost of all
materials and the rates of pay for practically all classes of labor
have found themselves during the years of 1915 and 1916, indicate
the manner in which these costs may limit a transmission develop-
ment, and show excellent examples of fluctuations which may at any
time occur in the expense of the materials and labor necessary to
the operation of a Public Service Institution. The sudden increase
in the cost of coal from eighty cents per ton at the mine, to three
dollars per ton, while temporary only, foreshadows the increases
which will become permanent from year to year in the costs of fuel;
and the increases in the rate of pay of common labor from nineteen
cents and twenty cents per hour to thirty seven and one half cents
per hour, while also not entirely permanent nor very general,
nevertheless indicate the probability of such an increase in the
very near future, and also of a corresponding increase in the rates
of pay for other classes of labor requiring increasing skill.
The future of a transmission line project will depend
to a great extent, upon how carefully such possible increases
are considered before the final decision concerning its development
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is made. Since while the Public may be satisfied and willing, and
is theoretically anxious, to permit an increase in the rates of the
Public Service Company which will permit the earning of the stipu-
lated fLxed charges in spite of the increases in fixed and operating
expenses, it is a matter of common observation and it is readily
apparent that, having a fixed rate for electric service determined
upon, only through the most earnest effort on the part of the oper-
ating company and only after considerable length of time, will it
be possible to secure such an increase in the rates of charge, and
during such a length of time, it is entirely possible that the
rapidly increasing expenses may have affected disastrously the fin-
ancial condition of the Public Service Institution.
It has already been shown that, with an increase in the
cost of coal per ton of fifty cents, there may result an increase in
the cost per unit of electrical energy delivered from the generating
station, of one and twenty five hundredths mills per kilowatt hour
based upon five pounds of coal consumed per unit delivered. While
this is not a large amount in itself, the added cost due to the
output of one million kilowatt hours would be twelve hundred and
fifty dollars, with corresponding increases for greater differences
in the cost of fuel per ton. It is readily apparent also that
where, in the previous discussion, the total exmployees cost at the
power station has been twelve thousand dollars per year based upon
a normal average rate per hour for the total plant of between
twenty five cents and thirty cents, an increase in this rate to
thirty three cents ana; forty cents per hour, which is easily pos-
sible because of the skilled type of labor, would increase the cost
of employees per year from twelve thousand dollars to sixteen
thousand dollars. Such an increase would require a very material

increase in gross earnings to offset it, which material increase
might or might not be readily possible, depending upon the class of
community served, and the margin which might exist between the
earnings permitted by the Public and those actually obtained by the
Operating Company.
It is further apparent, that the great number of con-
ditions which surround such an increase in the cost of fuel and
labor, prohibit any brief analysis which would at the same time be
reasonably general and accurate. But it is also apparent, that if
the cost of fuel is increased over two hundred percent, during a
period of difficulty; if the cost of steel and iron, which are the
basic materials of power station repairs, have increased over fifty
percent; if the cost of poles and other wood for transmission
structures has increased over twenty five percent; if the costs of
galvanized material have increased almost two hundred percent; if
the cost of common labor has increased almost one hundred percent;
all of which increases have actually taken place, although they are
semipermanent, it may be readily perceived that the probable in-
crease in such commodities, which may affect the operating expenses
of the proposed transmission project, should be very carefully con-
sidered and due weight should be given them as limiting factors in
the probable success or failure of the proposed development.

SECTION TWO
Part Seven
Wealth and Population of the Community
The rapid increase in the wealth and population of a
community which it is proposed to serve by means of a transmission
line, may be also a very important factor in the final determination
of the probable economic result of the development. Usually the
rate of this increase may be determined readily from the past hist-
ory of the community and unless unusual conditions arise, the pos-
sibility of which is one of the risks of the business and should be
considered only as such, this rate will be maintained for a con-
siderable number of years and may with reasonable accuracy, be used
as a basis of calculations.
If this rate of increase exceeds materiails that of the
cost of fuel, labor, iron, steel, copper and other materials of
maintenance, which may be determined from the past records of the
various markets, the likelihood that increases in these costs will
operate to inflict serious injury upon the financial condition of
the development, is not very great, provided only that the rapid
rate of increase in wealth and population has not been utilized in
the preliminary examination, to produce a successful outcome within

a certain number of years, when the original conditions under which
the project might be started, would seem to indicate an opposite
result if the wealth and population did not increase as expected.
It is not possible in any way to determine generally
the detailed factors which enter into a comparison of the increase
in the wealth and population of a community, with the increase of
the cost of maintenance material and labor necessary for operating
the property which furnishes a community with electric service.
This is due to the fact that the number of such details is exceed-
ingly great, and the effect which each has, varies from one comm-
unity to another with apparently absolutely no fixed relation to
any other general characteristic, such as previous population, pre-
vious activity in industry, or any other characteristic apparent
from an ordinary examination.
The political situation in a city may change for a con-
siderable period, the entire relation of the progress of the com-
munity to its past history, by the imposition of too strict re-
gulation, or the withdrawal of proper safe-guards for the protection
of property and the individual welfare of the citizens. Or, the
political situation, because of the executive ability and broad-
mindedness of the Officers whom the citizens choose, may increase
the industrial activity, and consequently the wealth of the city
and its population, with great rapidity. Sjince it is almost im-
possible in normal communities, to accurately predetermine the
status of the political conditions for any considerable period, it
follows that the effect which these conditions may have is like-
wise, almost impossible of determination.
However, over a long period of from five to ten years, the
adverse results of such conditions are neutralized to a great
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fcxtent, and if the community falls within the first or third classes
Which have been previously described, the probability of disastrous
results from such changes in the government of the city, is reduced
to a very low degree.
There are numerous other factors, affecting the increase
in wealth and population of a community, the absence of accurate
data concerning which, makes it impossible to supply them with suf-
ficient constant characteristics that their presence and effect may
be predetermined. And in any investigation of the feasability of
developing electrically a community, the only safe method of determin-
ing whether or not the future increases in the wealth and population
of the proposed territory may be considered to be in advance of the
probable increase in costs of operation and maintenance, is to compare
these increases after an investigation, into the history of the
community and, of the markets for labor and material, has resulted in
sufficient and accurate data.
The manner in which the rate of increase in the financial
condition of a community and in its population, operates to limit the
electrical transmission idea is, in that the gross monetary return
from any community, is dependent upon its population and upon its
industrial activity, which is its apparent wealth. Since the net
earnings upon which is based the amount of acpital which may be
expended in developing a community with transmission lines, are de-
pendent upon the relations of the gross earnings and operating ex-
penses, then if the gross earnings do not increase as rapidly as
the operating expenses increase, which is directly the result in
case the increase in the wealth and population of the proposed is
less in proportion than the increase in the costs of labor and
materials of maintenance and operation; and, if the net earnings
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possible at the time the development is made, are such as to permit
only the percentage of return upon the investment upon which the
Public through its regulating Commission has decided, it is readily
apparent that the development will cease to be a successful one
within the meaning of this discussion, as soon as the effect of this
reduction in net earnings causes the failure to pay the interest
upon the securities, and to set up the necessary reserve for re-
placements .
So that it is very necessary whenever a transmission
scheme is proposed, to investigate carefully the various communities
to which lines are to be extended and which are to be served by the
development, in order that the past history of their growth may be
determined, so far as their financial condition and population are
concerned, and also, the relation which this history shows, the
increase in these characteristics has torn to the increase in the
costs of labor and material. If this relation as determined in
this manner, proves that the city has not developed as rapidly as
these costs have increased, the project may be begun and carried on,
only at a very considerable increased risk to the stockholders of
the Public Service Institution; whereas if the opposite is true, a
very strong objection to the project is entirely removed.
•s:- * -* * * * *

SECTION TWO
Par t Eight
Miscellaneous Characteri st i cs
The most important of the characteristics governing the
success or failure of a transmission line development, have been
discussed previously in this section, and there are but a few re-
maining characteristics which operate in general, to limit the de-
velopment of a territory by means of a transmission line extension.
Chief among these minor limiting characteristics, are:
(a) The Stability of the City or Community,
(b) The Newness of the Community, and
(c) The Type of the City Government.
Of these characteristics, the most important is the
stability with which the community in question has weathered any
previous bad financial situations in its history, or with which,
it has passed through any destructive occurrences. While this
characteristic of a community is not always determinable, because
of the absence of such occurrences, still whenever their results
are available from the city or town in question, they afford a very
excellent basis, from which to decide whether or not the community
might be expected to recover from destructive influences, such as
a disastrous fire or a severe storm, with reasonable rapidity and
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resourcefulness. If real stability has been shown by the invest-
igation into the history of the community, there is considerable
advantage to be gained. On the other hand, if the history of the
|
development of the city or town indicates that at periods of de-
|
pression and destructive violence, it has taken a very long period
of time, such as ten to twenty years for the community to recover
its rate of increase in wealth and population and industry, it must
be decided that the development should proceed only at a very con-
siderable risk of the Stockholders of the Operating Company.
Also, the newness of the community becomes a matter of
serious consideration, when it prohibits any reference to the past
history of the city or town which would permit the determination of
the relation of its wealth and industry to the various other charac-
teristics surrounding it. Whenever a transmission scheme is pro-
posed which has for its object the development of such a community,
it must be decided that this development is made in all normal cases,
entirely at the risk of the Stockholders.
The third minor characteristic which provides a limiting
factor in the development of a transmission scheme, is the local
government of the community to be developed. This has been in part
discussed heretofore, and at that time its effect upon the advance-
ment of the proposed community, was indicated. The presence of a
more or less inefficient government, or of a body of officials
palpably interested in their individual betterment primarily, by
preventing the proper cooperation between the Public Service
Institution and the Public which it serves, in the matter of pro-
tecting the essentially monopolistic characteristics of such an
Institution, and in the imposition of too drastic local regulation,
may easily cause the operating expenses of the serving company to

increase to such a point that the permitted net earnings cannot
possibly be realized; to the ultimate financial failure of the
development. To this characteristic, a very considerable amount
of attention must be given, and the various characteristics of the
local government carefully analyzed and presented to the Directors
of the Public Service Institution, in order that in their judgment,
the tendency which may result from these characteristics, shall
have the full effect upon their decision as to the carrying on of
the development scheme.
While there are perhaps in individual cases, local
limiting features which have not been mentioned heretofore, it is
believed that these are the fundamental major and minor character-
istics which influence the determination of the feasability of
developing a city or town or other community, by a transmission
line and electrical service.

SECTION THREE
COMBINATION OF EFFECTS
OF THESE
LI_MI_TI_NG CHARACTERISTICS
In the foregoing discussion of the various character-
istics of a transmission line development, the presentation has
been attempted of the place which each of these limiting character-
istics holds in the general consideration of the proposition, and
how each might affect the economical results of the development.
It is now proposed to attempt to combine the various effects of
these characteristics and to deduce from such a combination, the
distance to which transmission lines may be built, in order to
serve communities of less than ten thousand population, with a re-
turn upon the total investment necessary which will be at least as
great as that permitted by the Public thru its Commissions. Since
the general consideration of the transmission line idea involves
such a broad development of the subject, it is believed that the
presentation of the method utilized in determining these maximum
distances, and the results of the application of this method, will
serve to adequately show the manner in which the limiting char-
acteristics above discussed affect the transmission ideas. And
that to go into the matter more fully would result in a
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multiplication of data which would be applicable specif! cally only,
and could not be utilized to advantage from the view point of
general consideration.
The method of combination of the effects of the charac-
teristics discussed heretofore, follows approximately this
schedule
:
First; The assumption of the population of the community
which it is proposed to serve by the transmission line development.
Second; The determination from the discussion presented
in Part Four of Section Two, of the number of consumers which may
be expected to obtain electrical service from the development, after
it has reached a stable condition.
Third; Also from this Part, the number of kilowatts of
demand which these consumers will require. And upon the assump-
tion that the line and transforming and substation equipment, and
the distributing system, are constructed for a capacity twenty
five percent greater than the demand required by the community at
the time at which the development is made, the further determinatior
of the total kilowatts upon which the calculation of total invest-
ment expense is to be made, by multiplying the kilowatts of demand
actually required by 1.25.
Fourth; From this Part, the kilowatt hours which it may
be expected these consumers will use during a year; and, upon the
assumption previously discussed, of a loss in energy between the
consumer and the generating station of ten per cent of the energy
delivered to the distributing system,
Fifth; The determination of the number of kilowatt hours
per year which may be required from the generating station proper.
Sixth; The gross revenue per year which may be expected
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from the community, according to the data presented in the above
Part.
Seventh; The assumption of a number of miles of line,
which must be built to serve the community, and having determined
the number of kilowatts of load to be transmitted, the choice of
approximately the voltage and size of wire necessary to transmit
this number of kilowatts, being guided in this choice, by the data
previously discussed in Part Two of Section Two, which is presented
in Tables II, III, IV, V and VI of the following Appendix "B"
.
Eighth; The determination of the cost of the distributing
system from the data supplied in the discussion in Part Three of
Section Two.
Ninth; The determination of the cost of transformers,
substation equipment and transmission line, from the data discussed
in Part Two, Section Two.
Tenth; The determination of the Total investment expense
by the addition of these items.
Eleventh; The determination of the entire investment
expense, including overhead expense of engineering, supervision,
right-of-way, and so forth by the addition of twenty percent to the
total investment expense above determined.
Twelfth; The determination of the fixed charges expense
per year at thirteen and one half percent of this entire investment
expense
Thirteenth; The determination of the yearly cost of
transmission line operation, from the discussion of Part Two in
Section Two.
Fourteenth; The determination of the yearly operating
expenses of the distributing system, as outlined from the data in
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the discussion of Part Three in Section Two.
Fifteenth; The determination of the cost of energy which
must be supplied to the transmission line development, in order to
adequately take care of the probable consumers, at one cent per
kilowatt hour and at one and one half cents per kilowatt hour.
Sixteenth; The arbitrary but it is believed, reasonably
accurate determination of the proportion of the general operating
expenses per year of the parent Company which should be charged
against the operation of the development, by taking fifteen per cent
of the costs of transmission line operation, distributing system
operation, and the cost of energy at one cent per kilowatt hour.
Seventeenth; The determination of the total annual
operating and fixed charges expense, by the addition of these yearly
costs
.
Eighteenth; The comparison of this total annual operating
expense so determined, with the total gross revenue per year which
may be confidently expected from the community under
-consideration.
It will be perceived at once that the result of this
method of calculation, will show whether or not the transmission
line development will require a greater expenditure per year for
operation and fixed charges than will be realized per year from the
gross revenue obtained.
A typical calculation according to the above method is
illustrated in Table IX, of the following Appendix "3", for a
community having a population of six thousand. It will be noted
that the number of consumers which may be expected is six thousand;
the kilowatts of demand actually required by the community will be
two hundred and forty; the gross revenue per year, thirty eisht
thousand four hundred dollars; the total investment necessary in
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order to serve the community would be one hundred sixty six thousand
six hundred and twenty dollars, without consideration of the cost
of financing the development; the total annual operating cost with
energy at one cent per unit would be thirty five thousand and ninety
two dollars; and the total annual operating cost with energy at
one and one half cents would be thirty eight thousand, three hund-
red and ninety two dollars, if the community should be situated
seventy miles from the central station. In this case the grosr
revenue would slightly more than pay the total annual operating ex-
penses and fixed charges for the development.
And by varying the length of line and when necessary,
the voltage and size of wire required to supply the kilowatt of
demand to the given community under the conditions outlined in the
previous discussions, a number of miles may finally be reached, at
which the total annual operating and fixed charges expense will be
equal to the total annual gross revenue from the community. This
number of miles will then be the maximum distance to which elec-
trical energy may be transmitted to such a community under the
conditions outlined above, with a probable return equal at least,
to that permitted by the Public thru its Commissions.
In the investigation which has been made hereunder,
communities were assumed, having populations of one thousand,
twenty five hundred, five thousand, six thousand, seventy five hun-
dred and ten thousand people, and calculations based upon the above
methods were made, until two such calculations indicated, in the
one case, the operating expense and fixed charges were slightly
less than the total gross revenue per year, and in the other case,
the total operating expenses and fixed charges were slightly
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Figure Twenty
greater than the gross revenue per year. The procedure illustrated
in figure Twenty, was then followed, which resulted in the deter-
mination, at the points of intersection illustrated, of the maximum
number of miles, at which electrical service could be furnished to
a community of a given population, under the conditions above de-
scribed and previously discussed.
By this graphical method of analysis from the data pre-
viously calculated, which is tabulated in Table X of the attached
Appendix "B", the following data was obtained, which gives the
maximum number of miles at which electrical service can be supplied
to communities of the populations given under the conditions pre-
viously discussed:
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Population of Energy at Energy at
Community $.010 per unit. $.015 per unit.
1000 13.0 11.0
2500 35.8 30.5
5000 68.5 58.5
6000 81.8 70.0
7500 96.5 84.0
10000 115.5 103.0
It will be recognized that it is also assumed in the
above calculations that these communities which are considered are
normal and fall within, either class One or class Three as dis-
cussed in Part Five of Section Two. Also that, the rate of increase
in their wealth and population, has been at least as great as the
rate of increase in the costs of labor and of operating and main-
tenance materials for the past five years. It is also recognized
that no consideration has been given to the fact that by the re-
quirement of a considerable portion of additional energy during the
day time, on account of the operation of various industries re-
quiring electrical power at a time when the kilowatt demand required
by the residents of the community is small, the gross revenue can
be very considerably increased without a corresponding increase in
any of the costs of operation except that of energy, due to the
greater number of hours of full use per year of the demand for
which the transmitting and distributing equipment has been designed.
It has been found however, that the additional requirement of a
large amount of such energy is not a very general one, and only a
proportion of the total consumers of the population given will have
such additional requirements. Consequently no attempt has been
made to calculate such limiting distances, since such calculations
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would be applicable specifically only and the results from them
would not have a general bearing upon the transmission scheme of
electrical development.
Also no attempt has been made to present by calculation,
the effect of type of city government, or of the stability of the
community from the standpoint of civic improvement and resourceful-
ness in face of disastrous occurrences, in as much as these charact-
eristics are impossible of such presentation and are usually
specific in their application.
The combination of the various effects of the limiting
characteristics originally specified therefore, results in the
general statement, that for normally progressive communities, either
of the retired farmer class or the industrial progressive class, in
which the rate of increase in wealth and population has been greater
during the past five years than the increase in the costs of fuel,
labor, and materials for operation and maintenance and having a
local government with reasonably progressive ideas, the maximum
distances which may intervene between a central generating station
and the community, in order that the electrical development of the
community may be economically carried on, are as outlined in the
Table on page Seventy Nine, and that these distances are variable
inversely with the cost of energy at the switchboard of the gener-
ating station, within the possible limits of the development.
*- # * *- * -x-
-x-

SECTION FOUR
CONCLUSIONS
The Limiting Characteristics of a transmission line
development as originally outlined in the Introduction and in
Section One, have been found in the previous discussions to result,
so far as practical effect is concerned upon the distances to which
the electrical energy may be economically transported and there
distributed for the electrical development of a community, in the
general statement, that if energy may be obtained at the switch-
board of the generating station ready for delivery to the transmiss-
ion line at one cent per kilowatt hour, for a city of ten thousand
people located one hundred and fifteen miles away, and if this city
is normal in its general characteristics and in its past development
the outcome of the electrical development of the community by means
of a transmission line will be financially successful within the
limits of these discussions, provided that this development is made
by an existing Operating Company, which has already an organization
and operates successfully a generating station and distributing
system of such capacity that the proposed transmission development
to such a community may be considered to be a reasonably small
branch of the Company's activity so far as the financial return is
concerned. Further, communities of less than ten thousand people
may be served successfully at lesser distances from the central

This statement must be modified so that, if energy is
obtained at the switchboard at one and one half cents per kilowatt
hour; the maximum distance to which energy may be transmitted for
a community of ten thousand people under the general conditions out-
lined, is one hundred and three miles. These results ,dependent upon
the conditions previously discussed, have the especial charac-
teristic that they indicate a maximum within which, it is possible
for the Directors of a Public Utility Company to determine upon the
feasability of a transmission development scheme, after the various
organization expenses and costs of financing have been considered.
These conclusions may be expressed, so far as it is pos-
sible graphically, in the form of a curve showing the relation be-
tween the limiting distances and the populations of the communities.
Such a curve is illustrated in Figure Twenty One, and may be con-
sidered to represent with sufficient accuracy for all practical
-
,
S5
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purposes, the limiting distances of transmission for the populations
indicated, under the conditions above outlined. It is readily pos-
sible, for costs of energy between one cent and one and one half
cents per unit at the switchboard, to interpolate between the curves
given for any specific cost of energy which may be available. From
this curve it is apparent that if the power station costs previously
discussed in Section Two, should increase to a cost above one and
one half cents per unit, because of the variation in the hours of
full use of the station capacity per year, the limiting distances
would be materially decreased in consequence. Also, if these costs
should be decreased for the generating station supplying a terri-
tory, because of the increase in this number of hours of full use,
the limiting distances shown would be considerably increased, de-
pending upon the amount of this reduction in the cost of energy.
It is also apparent from the curve shown in Figure
Twenty One, and from the previous discussion in Section Two, that
if the cost of copper wire should increase for example, from seven-
teen cents per pound to forty three cents per pound, as it has in-
creased in 1915, 1916 and 1917, the limiting distances shown would
be very materially decreased because of the increase in fixed
charges incident to the greatly increased investment cost. Like-
wise increases in the cost of labor in constructing the line, from
twenty two cents per hour to thirty seven and one half cents per
hour, which changes have occurred in various portions of Illinois
during 1916 and 1917, would produce the same effect in the limit-
ing distances indicated by the curve.
It is apparent from an investigation of the method of
arriving at these results and a further analysis of the discussion
in Section Two > that if the communities which are to be served by

87
a transmission development, should not be classified with reasonable
accuracy, and their characteristics so determined that it may be
definitely decided that they fall within the classes to which the
results refer, and instead are actually materially less progressive
or stable than has been considered to be a normal condition, the
limiting distances presented would likewise be materially reduced
for such communities. So that when an investigation of a proposed
transmission development is made, a very considerable amount of care
must be used in determining the classification of the territory,
because of the probable effect upon the future outcome indicated by
the limiting curves presented.
Consequently, it follows that in the predetermination
of the feasability of a transmission project, there is required as
being of primary importance, the determination; first of the power
station cost per unit of electrical energy which may be delivered
to the transmission line development, the prices of the materials
of construction and the cost of labor; the population of the
community to which the transmission line is to be built; the
characteristics of this community, whether it is of a progressive
nature, or is a substantial community of the retired farmer type,
or if it is decidedly lacking in activity or wealth and consequently
falls in the so called class of "dead" communities; the rate of in-
crease in the wealth and population of the community during as many
of the past years as is possible to obtain a record and the relation
of this rate of increase to the change in the cost of fuel, labor .
and the materials of construction; the type of its local government;
the resourcefulness with which it has passed through particularly
disturbing occurrences; and whether or not its relation to the
operating company which would occupy the position of the parent in-
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dustry in case the development was made, is one of the relatively
minor importance. If the result of this investigation shows that
the community in question is normal and is a normally progressive,
reasonably wealthy growing community, and if it lies within the
limits of transmission distances expressed in Figure Twenty One,
and if the development when it is completed will be a true extension
of an established operating industry and will not become the major
part of the industry, then it may reasonably be recommended to the
Board of Directors of the Operating Company for their investigation
and comparison with other methods of development and their decision
as to the ultimate desirability of financing the Project.

APPENDIX
"A"

APPENDIX "A
Appli cation of Principl es
In connection with the data and conclusions presented
in the foregoing discussion, it is desired to call attention to a
transmission line development which came directly under the obser-
vation and supervision of the writer, and which has resulted so
far in sufficient data to indicate the reasonableness of the prin-
ciples heretofore presented.
It was required to analyze the transmission line project
illustrated on Page Two connecting the towns "B"
,
"C", 11 D"
,
"E",
and MFM
,
with a central point of supply at "A". Investigation re-
sulted in the determination, that town "B", having a population
of four hundred, fell within the third class of towns heretofore
discussed. That towns "C", "D" , and "E"
, fell within the first
class of towns previously discussed, and that these towns bordered
very closely on the second class. I-t was found that town "FM
, so
far as the community itself was concerned, fell practically in the
second class, but that its situation was very much bettered by the
fact that a large number of stone quarries and sand pumping plants
were located in its vicinity, on both sides of the river indicated.
The total distance between the towns "A" and "F"is approximately
twenty six miles, along the necessary transmission route, and the
distance from "d" to "D" is approximately seven miles. An analysis
of the power conditions at "F" , indicated that approximately one
thousand kilowatts of peak load might be available, if the full

following total expense of development would be necessary:
Distribution Systems $27,500.00
Transformers 15,000.00
Substation Equipment 19,250.00
Transmission Line 46,400.00
Power Distribution System 10 ,000.00 (estimated)
Total $118,150.00
Twenty Percent 25,650.00
Total $141,780.00
And, based upon this total investment expense and the operating
data which has been previously discussed, the total yearly operat-
ing expenditures would be:
Fixed Charges $19,140.00
Energy consumed at 1.1^ per unit 27,500.00
Transmission Line Operation 1,485.00
Distribution System Operation 5,000.00
General Expense 5, 100. QQ
Total #58,225.00
Which is to be compared with $57,455.00 gross revenue to be obtain-
ed .
It will be noted that the total gross revenues obtain-
able, based upon the data presented, are slightly less than the
total yearly expense of operation at the estimated cost of power,
which could be determined with reasonable accuracy.
Since it was believed that the future development of
the territory could be made profitable, upon the basis of the line
as indicated in the diagram, and because of this development, the
cost of energy for this line itself might be reduced ten percent,
the project was undertaken, and was developed substantially as is

shown on the diagram, with outdoor transformer stations of the
capacity indicated, and with three number six conductors on
Standard "A" construction at thirty three thousand volts.
This development has been in operation for about three
years only, and the power load connected to transformer stations,
is not over sixty percent of the total available load. Also, the
fact that the operation of this transmission development is intimat
ly connected with the operation of an interurban line, has made it
very difficult to obtain a distribution of operating expenses,
upon which could be based any comparison between the original de-
termined expense and the actual cost of operation. However, a
sufficient amount of data has been available, to permit the follow-
ing comparisons to be made:
Consumers
Community Predetermined Actual
B 82 85
C 122 178 *
D 98 141 *
E 94 126 *
F 156 216 *
* Due to unusually energetic New Business
Campaign
.

3-400KW
33oooVe/Ls
3 Phase
StandA
I
8?
5?
V
i
i 2-2B K.W.
33 eoo l4>/t<s
3 Phase ^6
2-2SxV
-y^c kvev-* 7?<cfr7Sformer
r
3 KW?
3 - 2-5
33000 I/O/
T
7~/9s4A/SA7/SS//OA/
PROJF.rr.

number of industries located there could be connected to the lines.
It was further determined that so far as the condition
of the towns was concerned and of the probable development of the
industry located at "F", there was no objection to a proposed de-
velopment, from the standpoint of increase in wealth and population
and the stability of the towns and their industries.
Based upon the data and discussions previously developed
it will be noted that the number of consumers and the gross revenue
which might be expected from an electrical development, would be as
follows
:
PopulationCommunity
B
C
D
E
F
Power
Total
400
624
484
463
778
2749
Consumers
82
122
98
94
156
7
559
Annual
Gross Revenue
$2540.00
3960.00
3075,00
2940.00
4940.00
40000.00
$57455.00
An investigation of the operating conditions required by
the power development, indicated that the proper construction for
the transmission line was, by the use of three number six wires on
Standard "A", pole construction, with thirty three thousand volts
between conductors and that, from the substation "d" to the town
of "D", the operation would be sufficiently reliable if four
thousand volts was used with three number six wires on Standard "A"
construction, operating "Y" connected with twenty three hundred
volts from line conductors to ground.
Based upon the previous data and discussions, the

6Annual Gross Revenue
Community Predetermined A c t ua 1
B $2540.00 #2540 .00
C 3960.00 4093 .00
D 3075.00 3384 .00
E 2940 .00 2308 . 00
F 4940 .00 4054 .00
$17,455.00 ^16,379.00
Power 40,000.00 23,500.00
Total Power
Per Kilowatt #40 .00 #39.16
The total cost of the project as actually determined
exclusive of financing expense and other development expense, which
it was necessary to make because of previous activity in the
situation, was very close to one hundred and fifty thousand dollars
due to unusual conditions at the crossing of the river near town
"r", and to the new organization cost which it was necessary to
develop, and which could not be predetermined.
As stated above, the operating expenses are not capable
of comparison on an equitable basis, because of the fact that there
are included with the operating vosts at the present time, a
number of expenses which are partly or wholly due to the interurban
railroad, which is very close to the transmission project, and
operates from town "A" to town "C".
It is believed however, that the close relation which
existsbetween the actual investment expense and the estimated
operating costs determined according to the above discussion, and
also the relation which exists between the gross revenue actually
obtained from the residence and commercial consumers in the towns

and from the industries at "F", and the predetermined amounts based
upon the factors previously given, indicate the reasonableness of
these factors, in the analysis of a proposed transmission line
development.
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Table II
Kilowatts of Energy Delivered at Receiving End
of Transmission Line at Constant Voltage.
Eight Thousand Volts, Sixty Cycles, Three Phase,
Four Wire, using #6 wire as neutral. Wires spaced 12
Generator Voltage assumed equal to 8400 volts. Load Po
Factor 90%.
Length of Line Size of Wire
in Miles
#1 #2 #4 #6
5 680 570 390 260
10 340 290 190 130
15 230 190 130 90
20 170 140 100
25 130 120
30 120 100
35 100
40 90

Table III
Kilowatts of Energy Delivered at Keceivinq End
o£ Transmission Line at Constant Voltage
Sixteen Thousand Five Hundred Volts, Sixty Cycles,
Three Phase. Wires Spaced 13". Generator Voltage
assumed equal to 17325 volts. Load Power Factor 9o;'.
Length of Line Size of Wire
in Miles
#1 #2 H #6
5 2820 2380 1640 1110
10 1410 1190 820 560
20 720 600 420 280
30 490 410 280 190
40 380 310 220
50 310 260 200
60 260 220
70 240 200
80 220 200
90 210
100 200

Table IV
Kilowatts of Energy Delivered at Receiving End
of Transmi ssion Line at Constant Vol tan; e
Twenty Two Thousand Volts, Sixty Cycles, Three
Phase, Aires Spaced 24". Generator Voltage
assumed equal to 23100 volts. Power Factor of Load
90. .
Length of Line Size of Wire
in Miles
VT 1 #2 #4 £6
5 2870 1950
10 2480 2090 1450 980
20 1260 1060 730 490
30 - 860 720 500 340
40 660 390 380 240
50 550 460 320 210
60 470 400 280 190
70 420 360 250
80 390 330 230
90 360 310 220
100 350 290 200

Table V
Kilowatts of Energy Delivered at Receiving End
of Transmission Line at Constant Voltage
Thirty Three Thousand Volts, Sixty Cycles, Three
Phase, Wires spaced 36". Generator voltage
assumed equal to 34650 volts. Load Power Factor 1
Length of Line Size of Wire
in Wiles
#1 #2 #4 #6
10 2190
20 1630 1110
30 1870 1570 1110 770
40 1460 1210 850 580
50 1200 1000 710 480
60 1040 880 610 420
70 940 790 550 370
80 860 720 510 350
90 810 690 480 330
100 760 650 450 310

Table VI
Kilowatts of Energy Delivered at Recei ving End
of Transmission Line at Constant Voltage
Forty four Thousand Volts, Sixty Cycles, Three
Phase. Vires spaced 48". Generator Voltage
assumed equal to 46200 volts.Load Power Factor 90"
Length of Line Size of Aire
in Miles
#1 #2 #4 go
15 2580
25 2300 1600
30 1960 1320
40 203 1520 1030
50 2100 1630 1250 850
60 1820 1370 1070 730
70 1630 1170 970 660
80 1500 1070 910 610
90 1410 940 850 580
100 1340 840 790 540

Table VII
Typical Analysis of Actua l Transmission Line Cost
Length of Line - 6 miles. Built in 1913
Using 40 foot Idaho Cedar Poles. Spaced 140 '
;
Three #2 Copper wires; One 5/l6" Ground Cable;
Two #8 Iron Telephone wires. 33000 volt construction.
t* « Cost Per UnitItem Quanti ty Labor Mate'riaT Total
Poles
First Cost 235
Freight "
Distribution "
.936
Excavation "
.82
Setting M 1.7Q
Treating "
.09
Total " 3.626
Cross Arms
10.74 10.74
.90
.90
.064 1.00
.78 1.60
.03 1.81
.09
.18
12.604 16.23
Anchors gg2
Total 47l2~ "47188
Guys
Distribution
.18 18
^^ging 3.94 2.77 6^71
.963
8.308
First Cost 508 757 75?Erection
.43 [ lQ
Delivery
.22
.01 .03
Total #65 :wf 1# g17
Copper Wire
Stringing pr. wire
per mile 18 mi
Delivery & dist.18 "
Deliv. & Plac.
insulators 800
18.72
4.93
.104
3.99
.08
22.71
4.93
.184
(Explanatory Note - Next Sheet)

The above analysis omits the first cost of wire and
insulation and thus is a basis for computation of transmission
line costs for other voltages and capacities. These costs do not
include engineering, general expense or liability insurance.
In order to use the analysis shown in this table as a
basis for the determination of the costs of a transmission line,
it is necessary to add twenty percent of the total cost determined
from this analysis to the total expense of the line in question,
in order to cover the overhead expenses of engineering, supervision,
general expenses, and liability insurance.

Table VIII
Cost per Mile of Transmission Lines
Three Phase, Sixty Cycles, Wood Pole
Construction Poles spaced 140 ' Equivalent
to requirements of Public Utility Commission.
Volts between wires 3000 (a) 16500 22000 33000 44000
Spacing between wires 12" 18" 24" 36" 48"
Type of Construction
See Figures 10_ and 11 A A A A B
Size of wire
#0 ij|)2114 #2147 12164 |2235 #2472
#1 1883 1916 1933 2004 2241
#2 1709 1742 1759 1830 2067
#4 1472 1505 1521 1593 1829
#6 1326 1353 1371 1442 1679
Twenty percent must be added to these costs for Over-
head, Supervision, Right-of -Way , Easements, and other contingent
expenses. Copper wire at 17^ per pound.
(a) Three phase, four wire, using #6 neutral thruout
.

Table IX
Method of Calculation for De termini
Yearly Cost of Operati on.
Population of Community
Number oi Consumers
Kilowatts Demand
Kilowatts Demand x 1.25
Kilowatt Hours used Per Year
Kilowatt Hours from Station
Gross Revenue Per Year
Miles
Voltage
Wire
Cost of Distributing System
Cost of Transformers
Substation Equipment
Transmission Line
Total Cost
Twenty Percent for Overhead
Total
Fixed Charges at 13. 5^
Transmission Line Operation
Distributing System Operation
Energy at $.010
General Expense 1&%
Total Annual Cost
Energy at £.005
Total Annual Cost
6000
1000
240
300
600000
660000
}?'38400
70
33000
• #6
$31500
3,660
2,750
100,940
$138,850
27,770
$166,620
#22,500
3150
1200
6600
1642
$35092
3300
&38392
(Assumed)
(Figure Eighteen)
(Figure Sixteen)
(Discussion Page 77)
(Figure Seventeen)
(Assumed 10$ Loss)
(Figure Nineteen)
(Assumed)
(Assumed)
(Assumed)
(Figure Fourteen)
(Figure Twelve)
(Discussion Page 37)
(Table VIII)
(Discussion Page 41)
(Figure Fifteen)
(Discussion Page 79)

Table X
Results o£ Calculations to Establish Limit in
Distances of Transmission
Population of
Community 1000
Possible Gross
Earnings
.$6400
2500
#16000
5000
$32500
Length of
Transmi ssion
Line In Miles iq 20 30 40 53 70
Voltage
Size of Wire
8000 8000
#6 #6
16500 16500
7T
D #6
33000 33000
#6 #6
Total cost of
Operation per
Year. Energy
at $.010 #5638 $8281 £14455 $17158 $27888 $32897
Same; Energy
at $.015 $6154 $8814 $15830 #18533 $30638 $35647

Table X ( Continued)
Results of Calculati on to Establish Limiting
Distances pi Transmi ssion
Population of
Community
Possible Gross
Earnings
Length of
Transmission
Line in Miles
Voltage
Size of Wire
Total cost of
Operation per
Year. Energy
at $.010
6000
^38400
70
#6
90
#6
7500
#48750
80 100
#4 #4
10000
#65000
100 125
33000 33000 33000 33000 44000 44000
#6 #2
$35092 £40712 £43495 $49922 £58125 #69069
Same; Energy
at $.015 #38392 $43962 $47495 $53997 $63625 #74569
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